Introduction:
Introduction:
During fetal development, the sexual dimorphic position of the gonads in mammals is dependent on the differential development of two ligaments. In males, growth of the gubernaculum and regression of the cranial suspensory ligament results in transabdominal descent of the testes. Impaired testicular descent (cryptorchidism) is a prevalent congenital abnormality in humans, found in 2% of male births. INSL3, also known as Leydig insulin-like peptide or relaxin-like factor (RLF), is one of the seven relaxin-like genes in humans known to be expressed in Leydig cells of fetal and adult testes as well as in theca and luteal cells of the postnatal ovary (1). Male mice mutant for INSL3 exhibit bilateral abdominal cryptorchidism (2, 3) whereas female mice overexpressing INSL3 showed ovary descent and displayed bilateral inguinal hernia (4) . Although INSL3 binds to gubernacular homogenates (5, 6 ) and induces by guest on November 17, 2017 http://www.jbc.org/ Downloaded from growth of rat gubernaculum in whole organ cultures (7), the exact nature of the INSL3 receptor is unknown.
A recent study indicated that transgene integration in crsp mice resulted in a 550-kb deletion located upstream of the Brca2 gene, leading to defective testis descent. Because a candidate gene encoding a G protein-coupled receptor homologous to human LGR8 was deleted in these mice (8), we tested if INSL3 is the cognate ligand for LGR8 based on the observed common phenotypes of potential ligand-receptor pairs in null mice. Here, we report that INSL3 is capable of binding LGR8, leading to the stimulation of cAMP production and thymidine incorporation in the gubernaculum.
Experimental procedures:
Ovine and rat INSL3 were chemically synthesized and characterized as described (7, 9) . Human Animal care was consistent with institutional and NIH guidelines.
Human 293T cells were maintained in Dulbecco's modified Eagle's medium/Ham's F-12 (DMEM/F12) supplemented with 10% fetal bovine serum (FBS), 100 µg/ml penicillin, 100 µg/ml streptomycin, and 2 mM L-glutamine. When 70-80% confluent, cells were transfected with 10 µg of plasmid using the calcium phosphate precipitation method (10) . After 18-24 h of incubation, media were replaced with DMEM/F12 containing 10% FBS. Forty-eight hours after transfection, cells (10 5 /ml) were preincubated at 37˚C for 30 min in the presence of 0.25 mM 3-isobutyl-1-methyl xanthine (IBMX, Sigma Chemical Co.) before treatment with or without hormones for 12 h. Total cAMP content was measured in triplicate by a specific radioimmunoassay (11) . All experiments were repeated at least four times using cells from independent transfections. and fractionated using SDS-PAGE. After blotting onto nitrocellulose membranes (Hybond-P, Amersham) and blocking with a 5% milk solution, the blots were incubated for 2 h at room temperature with streptavidin (1:10,000 dilution) before development using enhanced chemiluminescence solution (ECL, Amersham Life Science). In addition, epitope-tagged LGR8
was extracted with 1% Triton X-100 from cells transfected with the LGR8 expression plasmid and incubated with the M1 antibody for 1 h. Protein G-Sepharose was subsequently added to precipitate the M1-tagged receptor protein. The precipitate was further fractionated using SDS-PAGE followed by immunoblotting using the M1 antibody.
Total RNA from different rat tissues were extracted using the RNeasy purification kits (QIAGEN Inc. Chatsworth, CA) before Northern blotting. Rat orthologs for LGR7 and LGR8
were identified in the GenBank (accession number AC098607 and AC098990, respectively).
These sequences were used in reverse transcription-PCR to yield LGR8 and LGR7 probes of 230 and 226 bp, respectively. x g for 3o min. at 4˚C. Radioactivities in the washed cell samples were determined using a β-photomultiplier.
Results

INSL3 is the cognate ligand for LGR8
Although INSL3 binds to gubernacular homogenates (5, 6), and induces growth of rat gubernaculum in organ cultures (7), the exact nature of the INSL3 receptor is unknown. Human fetal kidney 293T cells were transfected with expression vectors encoding human LGR8 or the related LGR7 for testing of INSL3 signaling. In cells expressing LGR8 (Fig. 1A) , treatment with synthetic human, ovine, or rat INSL3 led to dose-dependent increases in cAMP production.
Although treatment with biotinylated-ovine INSL3 or porcine relaxin (RLX) was also effective, treatment with glucagon did not increase cAMP production. In contrast, cells expressing LGR7 responded only to relaxin treatment whereas treatments with INSL3 from different species or human glucagon were ineffective (Fig. 1B) . These results indicated that INSL3 is a specific ligand for LGR8. 3) . In contrast, the free biotinylated INSL3 migrated at 6.5 KDa (Fig. 2B, lane 1) and the epitope-tagged LGR8
extracted from transfected cells migrated at ~75 KDa when monitored using the M1 antibody after immunoprecipitation with the same antibody (Fig. 2B, lane 4) .
Expression of LGR8 in gubernaculum and INSL3 stimulation of gubernacular functions
Northern blotting analyses demonstrated the expression of the LGR8 transcript in the gubernaculum of one-week-old immature rats and testis of adult rats, but not in diaphragm (Fig.   3A ). In the gubernaculum, a single transcript of ~2.5 kb was evident whereas an additional transcript of a higher size was found in the testis. In addition, treatment of gubernacular cells with INSL3 led to dose-dependent increases in cAMP production ( Fig. 3B ) to levels comparable to cells treated with forskolin (FS), a diterpene adenyl cyclase activator. Although glucagon treatment was ineffective, treatment with relaxin also stimulated cAMP production by these cells, consistent with its ability to activate LGR8 (12) . For diaphragm cells, none of the hormones tested elicited cAMP production despite the stimulatory effects of forskolin (Fig. 3B) .
Because an increase in gubernacular cell division is believed to be needed during testis descent, the ability of INSL3 to stimulate thymidine incorporation by cultured gubernacular cells was tested. As shown in Fig. 3C , treatment with INSL3 led to dose-dependent increases in thymidine incorporation by these cells. In addition, treatment with relaxin and forskolin, but not glucagon, was also effective.
Discussion
The present findings demonstrate that INSL3 is the cognate ligand for LGR8. LGR8 is also expressed in the testis (12) . 
